Introduction
Epidemics and pandemics of influenza viruses continue to occur, spurred either by reassortment of genome segments (antigenic shift) or by accumulation of point mutations (antigenic drift). The former correlate with major influenza pandemics such as the devastating 1918/19 Spanish flu, whereas the latter correlate with minor epidemics that arise every one or two years. Haemagglutinin (HA) is considered to be the most important protein in determining the epidemiology of influenza. It is responsible for virus attachment to cellular receptors and is involved in the initial stages of infection (Hirst, 1942; Klenk et al., 1975; Webster et al., 1992) . The HA is the primary antigenic target on the virus for neutralizing antibodies (Laver & Kilbourne, 1966) and is therefore the site most subject to antibody selection. Drift in the H1 HA gene of swine influenza virus has been estimated at 0.44).48% amino acid changes per year (Luoh et al., 1992) , which is much lower than the 0.8-1.2% observed for H1 HA of human influenza viruses (Raymond et al., 1986; Webster et al., 1992; Xu et al., 1993) . The nucleoprotein (NP) gene of influenza A viruses has been extensively studied because of its purported role as a host range determinant (Scholtissek et al., 1985) . A comparative sequence analysis revealed that the NP gene also underwent * Author for correspondence. Fax + 1 819 564 5392.
The GenBank/EMBL accession numbers are Ul1703 and Ul1856 for HA and NP genes of Sw14890; Ul1857 and Ul1855 for HA and NP genes of Sw10691 ; U11858 for the HA1 domain of SwIa31. genetic variation with time which was estimated at 0.34 and 0.66 % amino acid changes per year in swine and human influenza viruses, respectively (Gorman et al., 199l) . In contrast to human and swine viruses which show both antigenic drift and genetic shift, there is convincing evidence that avian influenza viruses are in evolutionary stasis (Webster et aI., 1992) . Over a period of 50 years, avian NP proteins changed by no more than ten amino acids (Gorman et al., 1990) .
The natural reservoir of influenza A virus is aquatic birds. Various subtypes have also been established in other species, such as the influenza A H1N1 viruses which infect human and different animal species, including swine (Altmfiller et al., 1991 ; Wentworth et al., 1994) . Swine are the sole animals known to be receptive to influenza A viruses of human, swine and avian origin (Castrucci et al., 1993 (Castrucci et al., , 1994 Gammelin et al., 1989; Scholtissek et al., 1983) . They are able to transmit the H1N1 influenza viruses back to humans (Claas et al., 1994; Rota et al., 1989; Wentworth et al., 1994) and birds (Hinshaw et al., 1983; Ludwig et al., 1994; Ottis & Bachmann, 1980; Wright et aI., 1992; Xu et al., 1993) . Thus, swine play an important role in the ecology of influenza A viruses and are regarded as a 'mixing vessel' for the introduction of reassorted viruses into the human population (Scholtissek et al., 1985) .
Swine (H1N1) influenza infection in North America differs from that in Europe where two subpopulations of A (H 1N 1) influenza virus (avian-like and classical swine) are maintained (Castrucci et al., 1993 (Castrucci et al., , 1994 Donatelli et al., 1991; Neumeier & Meier-Ewert, 1992) . In North America a virus evolved from the 1918/19 pandemic that 0001-3225 © 1995 SGM has been termed the classical swine virus. This virus has evolved slowly since the first isolate in 1930 and has demonstrated considerable antigenic conservation since 1965 (Luoh et al., 1992; Sheerar et al., 1989) . Classical swine H1N1 influenza virus has also been detected in Quebec (Elazhary et al., 1985; Morin et al., 1981; Rekik et al., 1994) . During a recent influenza epizootic in Quebec two antigenically distinct H1N1 strains were isolated. We report here, in addition to the classical H1N1 virus, a swine influenza H1N1 virus isolate very similar in HA and NP genes to the 1930 swine H1N1 virus. Although the symptomatic outbreak subsided, both of these viruses have continued to circulate widely.
Methods
Virus strains. The HINI virus strains A/Swine/Saint-Hyacinthe/ 148/90 (Sw14890) and A/Swine/Saint-Hyacinthe/106/91 (Sw10691) were isolated in 9-11-day-old embryonated chicken eggs inoculated with a 20% homogenate of lung tissue from pigs with respiratory symptoms. Reference H1N1 swine influenza viruses A/Swine/Iowa/ 15/30 (Swla30), A/Swine/Iowa/1976/31 (Swla31) and A/Swine/ Wisconsin/49/76 (SwWis76) were from the virus repositories at Health and Welfare Canada (Laboratory Centre for Disease Control, Ottawa, Ontario). Viruses were grown in embryonated chicken eggs or in Madin-Darby Canine Kidney (MDCK) cells and purified as described previously (Bikour et aL, 1994) .
Serological surveillance. Sera were collected randomly from swine herds in Quebec during 1992 and 1993 and assayed by haemagglutination-inhibition (HI) (Palmer et al., 1975) . Non-specific inhibitors in the antisera were inactivated by the receptor destroying enzyme (Takeda Chemical, Japan) at 37 °C overnight. Non-specific HAs were removed by incubation of the antisera (0-5%) at 4 °C for 60 rain with 10% (v/v) chicken erythrocytes. This treatment results in a 1:10 dilution of the serum.
Antigenic characterization. The swine isolates were antigenically characterized by HI assay as described above. Polyelonal antisera were collected 15 days after injecting intravenously with 10000 HI units of purified virus. HI-specific monoclonal antibodies (MAbs) against the HAs of A/Swine/Ind/1726/88 and A/Swine/Wis/27/86 were supplied by V. S. Hinshaw . MAb reactivity towards the viral HA was also determined using an indirect ELISA binding assay in microtitre plates .
Sequencing procedures. Table 1 summarizes the primers used for cDNA preparation, DNA amplification and sequencing. These primers were chosen from conserved sequences of other H 1 HA and NP genes and were synthesized on a Gene Assembler (Pharmacia) by the Laboratory of Molecular Biology (Faculty of Medicine, University of Sherbrooke, Quebec, Canada). Viral RNA was extracted from purified virus using 4 M-guanidinium isothiocyanate according to the method of Chomczynski & Sacchi (1987) . The RNA was denatured with methyl mercuric hydroxide and cDNA was prepared using the cDNA Cycle Kit (Invitrogen) employing avian myeloblastosis virus reverse transcriptase and primer H1-001 or UINF-forward. The cDNA was amplified by a nested PCR. Briefly, the PCR mixture was made up to a volume of 50 ~tl of PCR buffer containing 1.25 units of Hot Tub DNA polymerase (Amersham), 200 laM-dNTP (Pharmacia), 1 laM-primers and 2 lal of cDNA template. Using external primers H1-001 and H l-1765R for the HA gene and UNIF-forward and UNIF-reverse for the NP genes, 40 PCR cycles were performed. Each cycle consisted of denaturation at 94 °C for 1 rain (the first cycle was denatured for 1.5 rain), annealing at 55 °C for 1 min and chain elongation at 72 °C for 2 rain (elongation of the last cycle was 10 rain). A 1 ~tl sample from the first PCR product was then subjected to an analogous series of 30 PCR cycles using either HI-001 and HI-1765R together with an internal sequencing primer or two internal primers for the HA gene. The internal primers for the NP gene were NINF 745 and NINF 1442R. Amplified DNA was separated on 1% agarose gels, stained with ethidium bromide and cut out under longwave UV illumination. The DNA was extracted with phenol after freeze-squeeze and precipitated with ethanol. Sequencing was carried out with 40 fmol of DNA and 1-5pmol of oligonucleotide primer labelled with [y-32P]ATP (Amersham) by T4 polynucleotide kinase using the fmol sequencing grade Taq DNA polymerase and buffer, the mixture was divided into four tubes containing 2 ~tl of 20 ptM-dNTP with a limiting amount of a different dideoxyNTP and covered with mineral oil. After denaturation for 2 rain at 95 °C the sequencing reaction mixture was passed through A 1930 swine H1N1 influenza virus 2541 30 cycles of denaturation for 30 s at 95 °C, followed by annealing at 55 °C for 30 s and extension at 70 °C for 1 min. The reactions were analysed on 55 cm-long 6 or 8 % polyacrylamide gels in 7 M-urea at 2000 V using a Macrophor apparatus (Pharmacia). Sequences were determined after autoradiography for 3 7 days on Hyperfilm MP (Amersham).
Sequence analysis. Phylogenetic trees were prepared from NP and HA nucleotide and amino acid sequences after comparison and alignment using programs from the Genetics Computer Group (GCG) (Devereux et al., 1984) . Tree horizontal lengths are proportional to the number of substitutions on the branches. The nucleotide and amino acid sequences of HA genes (Table 2 ) and NP genes (Table 3 ) of HIN1 viruses from swine, human and avian origin were used in this study.
Results
Swine influenza virus isolates obtained during a major epidemic of swine respiratory disease in 1990/91 could be divided into three groups. Those of subtype H3N2
have been described elsewhere (Bikour et al., 1995) . The isolates of subtype H1N1 could be separated into two groups on the basis of growth properties and antigenic characterization. The Sw14890 isolate, representative of one group, grew to high titre (~> 128 HA units) in both eggs and MDCK cells whereas Swl0691, representative of the other H1N1 group, gave lower HA titres both in eggs and in MDCK cells (8 and 32 HA units, respectively), which were similar to those obtained with other recent swine H1N1 isolates (Wentworth et al., 1994) . 
Antigenic characterization
HI assays using polyclonal antibodies showed that the two present H1N1 swine isolates are antigenically related, although not identical to each other. The Sw14890 isolate was most like the 1930 swine isolates, whereas the Sw10691 isolate was more similar to SwWis76. Four MAbs were employed to probe antigenic sites on the H 1 HA molecule. Epitopes for these MAbs have been previously localized to Sa (MAbs 7Blb and 1-6B2), Ca (2-15F1) and Sb (3F2c) antigenic sites (Luoh et al., 1992; Sheerar et al., 1989) . HI and ELISA assays using these MAbs allowed two antigenic groups to be distinguished for swine H1N1 viruses (Table 4 ). Sw14890 was similar to SwIa30 and SwIa31 which reacted only with MAbs 3F2c and 2-15F1. SwWis76 reacted with all four MAbs in HI whereas Sw10691 reacted with all except MAb 2-15F1 in HI. When assayed by indirect ELISA, Sw10691 reacted well with MAbs 1-6B2 and 7Blb but only very poorly with the other two MAbs.
Analysis of deduced amino acid sequences of the HA genes
The complete sequence of the HA genes of Sw14890 and Sw 10691 and the sequence of the HA 1 domain of SwIa31 were determined. The deduced amino acid sequences of 
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.r Sb (.q) are indicated (Caton et al., 1982) .
the HA1 domains were compared with those of other swine isolates (Fig. 1) . The HA of Sw14890 was found to be most similar genetically to the 1930 swine influenza virus SwIa30. Amino acid comparisons of the HA1 domain revealed that Sw14890 had 97 % identity with SwIa30 and SwIa31. For these three isolates no differences were noted in the proposed antigenic sites (Caton et al., 1982) but differences were observed in at least three of the antigenic sites (Ca, Cb and Sa) when they were compared with recent isolates (except Sw14890).
Sw10691 HA showed greatest sequence identity (94-95 %) with other recent North American swine HA (Fig. 1) . Fifteen amino acid changes in the HA1 domain distinguished isolate Sw10691 from the most similar isolate SwInd88, including substitutions in each of the antigenic sites.
Potential glycosylation sites on the HA 1 domain of the two present strains were compared with those of other swine isolates. The Sw14890 isolate had the same four potential glycosylation sites (Asn-X-Ser/Thr) as SwIa30, SwIa31, Sw2937, SwQc81 and SwQc91. However, the Sw10691 strain possessed two additional glycosylation sites of which one was shared with SwNeb92 and SwInd88 and the other shared with SwCam89 and SwId38.
Sequence analysis of the H1N1 swine virus NP gene
The sequence from nucleotides 773 1413 of the NP genes of Sw14890 and Sw10691 was also determined and compared with that of other swine strains (Fig. 2) . Again the deduced amino acid sequence of the NP gene from Sw14890 demonstrated a high level of identity with SwIa30 and SwIa31 (98%) whereas the NP gene of Sw10691 was similar to current classical swine influenza viruses SwIa88 and SwNeb92 (> 94 %).
PhyIogenetic analysis of the HI HA gene
The estimation of evolutionary relationships between the HA genes of H1N1 virus isolates was based on the nucleotide and predicted amino acid sequences of the Fig. 2 . Comparison of the amino acid sequence of the partial NP gene sequence of isolates Sw14890 and Sw10691 with other NP sequences of swine influenza A viruses. Strain abbreviations are listed in Table 3 . The amino acid sequence of the NP gene of Sw14890 is written in full, while only changes in the amino acid sequence are indicated for the other viruses.
Swld38 Pr834 Fig. 3 . Phylogenetic trees of influenza virus HA HA 1 domains situating Sw14890 and Sw 10691. The lengths of the horizontal lines are proportional to the minimum number of nucleotide (a) or amino acid (b) differences to join nodes. Other gene sources are listed in Table  2 . The avian (Av), swine (Sw) and human (Hu) branches are indicated.
HA 1 domain (nucleotides 83-1061) because the sequence of the HA2 coding region was not available for many of the strains studied. Thus, 25 strains (12 swine, ten human and three avian) were used. The nucleotide sequences of two strains (SwIa30 and SwWis76) were not available Evolutionary tree analysis revealed that in both the nucleotide and amino acid analyses three principal branches could be distinguished, which were designated human, avian and swine (see Fig. 3 ). The Sw14890 isolate was located within a sublineage which contained the early H1N1 swine virus isolates (SwIa31, SwIa30 and Sw2937). The nucleotide and amino acid identities within sublineages were >~ 95 % (results not shown). When the nucteotide sequences were analysed this sublineage was found within the branch of H1N1 swine viruses. In contrast, when the evolutionary tree of amino acid variation was examined (Fig. 3 b) the 1930 strains and the Sw14890 isolate formed a distinct sublineage within the avian branch.
The evolutionary tree analysis of both nucleotide (Fig. 3a) and amino acid sequences (Fig. 3b ) showed that the Sw10691 isolate was closely related to recent Ohio83 [ ..... Kiev79 [swc .3s
Ws33
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Sw Av Fig. 4 . Phylogenetic trees of influenza virus partial NP gene sequences situating Sw14890 and Sw10691. The lengths of the horizontal lines are proportional to the minimum number of nucleotide (a) or amino acid (b) differences to join nodes. Other gene sources are listed in Table 3 . The avian (Av), swine (Sw) and human (Hu) branches are indicated.
H1N1 swine viruses (SwNeb92, SwInd88, SwQc91 and SwQc81). This branch also contained two swine-like viruses isolated from humans (Md1291 and NjlI76).
Phylogenetic analysis of the NP gene
The evolutionary relationships of these two swine isolates were further analysed by the construction of NP gene phylogenetic trees using the partial NP sequences (nucleotides 773-1413) of 14 swine, eight human and two avian H1N1 viruses. Again, analysis of nucleotide (Fig.  4a ) or amino acid sequences (Fig. 4b) identified three major lineages within H1N1 viruses. On the basis of nucleotide sequence analysis, the Sw14890, Swla30 and SwIa31 isolates formed a subgroup within the human lineage (sequence identities were ~> 95%, results not shown). However, the amino acid phylogenetic analysis showed that this subgroup possessed an NP gene more closely related to the avian branch. As shown in both phylogenetic trees (Fig. 4a, b ) the Sw10691 NP gene was located in the classical swine lineage which also contained human swine-like H1N1 viruses (Nj876, Wis88 and Ohio88). The European swine H1N1 viruses were closely linked with the avian lineage according to both nucleotide and amino acid analyses.
Recent serological survey
To evaluate the current distribution in swine of these two H1N1 strains, sera obtained in 1992 and 1993 from swine herds were screened by HI for antibodies to Sw14890 and Sw10691. HI titres >~ 1:80 against Sw14890 were found in 7-7 % of 3146 swine examined in 1992 and in 7"5 % of 2688 swine examined in 1993. Serum antibodies against Sw10691 were present in 12"5 % of swine tested both in 1992 (60 animals) and 1993 (2664 animals).
Discussion
A swine H1N1 influenza virus Sw14890 very similar in HA and NP genes to virus isolates from 1930 was detected in 1990 in Quebec. Serological surveys indicated that this virus circulated widely at least until 1993 together with an H1N1 influenza virus (Sw10691) similar to isolates reported elsewhere in North America since 1965.
Several mechanisms for the apparent long-term conservation of influenza strains in swine have been advanced. It was proposed that avian strains which show little variation could be repeatedly reintroduced into swine (Kida et al., 1988) . This mechanism has been contested recently (Shu et al., 1994) . Indeed avian H3N2 strains were clearly introduced into European swine, circa 1980, but have since evolved rapidly rather than remaining constant (Claas et al., 1994; Ludwig et al., 1994) . The reappearance in humans in 1977 of an H1N1 virus very similar in all genes to a 1950 strain (Kendal et al., 1978; Nakajima et al., 1978; Scholtissek et aI., 1978) has been ascribed to recovery of a frozen virus from either a natural or a laboratory source because it was considered unlikely that all genes could be conserved together in another reservoir . This idea has recently been challenged by the recovery from swine of an H3N2 influenza virus with HA and NP genes very similar to human 1975 isolates, supporting the concept that long-term conservation in a swine reservoir may be possible (Bikour et al., 1995) . The present Sw14890 isolate does not appear to be a representative of a human or avian reservoir as both the HA and NP genes are very similar to other swine isolates of the 1930s. Isolates with virtually identical NP genes to the 1930 isolate were also obtained in 1946 and 1949 (Gorman et al., 1991) . Previous studies have indicated that swine HIN1 influenza virus in the American Midwest has evolved very slowly since 1965 (Noble et al., 1993; Sheerar et al., 1989) . The Sw14890 isolate reported here is remarkable as it shows ahnost no variation from strains isolated 60 years earlier.
Influenza virus isolates from humans are remarkably homogeneous in the course of a year, probably because they derive from a single global source thought to be in the tropical regions of the world (Webster et aI., 1992) . The existence of five quite different isolates of swine or swine-like H1N1 influenza virus [Sw14890, Sw10691, (SwQc91 ; Rekik et al., 1994 Wentworth et aI., 1994) (SwNeb92; Olsen et al., 1993) ] within two years would indicate that swine influenza viruses are maintained locally in pockets. This 'pocket' hypothesis would imply that a strain of influenza virus is maintained yearround in a geographically-limited area that may include only one farm, as shown for the SwNeb92 virus (Olsen et al., 1993) , or a large part of the continent as reported by V. S. Hinshaw's group (Noble et al., 1993 ; Sheerar et al., 1989) . Drift has been shown to be very slow but may be divergent in different parts of the pocket to give rise to different strains. In south-central Quebec we have shown that overlapping pockets have allowed two very different strains to co-circulate. Minimization of contact between farms, and even between swine kept indoors and other animals, restrict the spread of virus. The short life span and year-round production of piglets minimize herd immunity and immune selective pressure and thus permit long-term conservation of swine influenza.
Phylogenetic analysis of the HA and NP amino acid sequences placed Sw14890 and several other similar swine influenza viruses isolated in the 1930s and 1940s in the avian lineage whereas analysis of HA and NP nucleotide sequences grouped these viruses with swine or human-like swine H 1N1 viruses, distinct from the avian isolates. This probably indicates that drift gave rise to divergence of the nucleotide sequence of these viruses from an avian ancestor, but structural or functional constraints maintained an avian-like amino acid sequence. It has previously been suggested that drift in nucleotide sequence with little change in amino acids is indicative of minimal immunological selective pressure (Air et al., 1990; Sugita et al., 1991) . Indeed immune selective pressure in swine H1N1 influenza virus appears to be weak as considerable genetic and antigenic stability has characterized most swine H1N1 influenza virus isolates since 1965 (Noble et al., 1993; Sheerar et al., 1989) . In contrast, three of the most recent isolates Sw10691, SwQc91 (Rekik et aI., 1994) and SwNeb92 (Olsen et aI., 1993) are among the most discrepant. Two of these isolates are from Canada while the third had links with Canada. It is striking that isolates from the American Midwest show remarkable similarity while three isolates with links to Canada show considerable divergence among themselves and with American isolates.
It has been proposed that drift in human influenza B virus, in contrast to human H3N2 influenza virus, does not depend on immune selective pressure (Air et al., 1990) . Antigenic masking, possibly by glycosylation, may permit continued circulation of influenza B strains (Air et al., 1990) . A similar mechanism may also be operative in swine and human H1N1 influenza virus as they show variation throughout the HA gene and not specifically in the HAl domain (Sugita et al., 1991) and known antigenic sites as is observed with H3 influenza virus isolates (Bean et aI., 1992) . The presence of potential glycosylation sites such as those present on the globular head of the HA protein of H1N1 virus isolates are a prerequisite for such a mechanism (Inkster et al., 1993) .
It will be important to monitor the long-term conservation of swine influenza virus strains as they have the potential to initiate human epidemics.
